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Melbourne, comme d’autres villes, affronte des défis majeurs liés à sa nécessaire adaptation au 
changement climatique. Il s’agit d’enjeux tels que les inondations (y compris celles dues à la hausse 
du niveau de la mer), les îlots de chaleur urbains, les sècheresses et leurs conséquences sur l’état de 
santé des arbres en ville. Pour faire face à ces défis, nous avons développé un SIG web Integrated 
Climate Adaptation Model (ICAM) (Modèle Intégré pour l’Adaptation au Changement Climatique). Cet 
outil comprend une interface conviviale et permet aux utilisateurs de (1) identifier et examiner des 
zones d’intérêt, y compris ses strates de données SIG, (2) voir l’état actuel et futur (avec changement 
climatique) en terme de chaleur, sécheresse, état de santé des arbres, inondations, afin d’identifier les 
zones les plus vulnérables, (3) calculer les surfaces imperméables et perméables pour une zone ou 
un sous-bassin-versant, (4) tester dans le cas de scénarios de changement climatique contrastés, 
différentes actions et leur impact sur la consommation d’eau potable, le microclimat urbain et l’état de 
santé des arbres. L’ICAM est un outil d’aide à la décision, mais également un outil de communication 
et conception d’interventions. Il est prévu de faire évoluer l’outil pour élargir les possibilités d’utilisation 
(e.g. analyse économique). 
 
ABSTRACT 
Melbourne, like many cities around the world, is faced with major challenges in terms of adapting to 
climate change, considering issues such as drought and flooding (including due to sea level rise), the 
urban heat island, and declining health of urban trees.  To assist Melbourne in this challenge, we 
developed a Web-GIS based Integrated Climate Adaptation Model (ICAM). The ICAM provides an 
easy-to-use interface and functions to: (1) navigate to any area of interest to view various spatial 
layers (2) view model results related to heat, drought, tree health, flooding, river-rise and sea-level rise 
to identify vulnerable areas; (3) query pervious/impervious statistics for any area (sub-catchment or 
catchment); (4) conduct intervention modelling to address management issues like potable water 
consumption, urban microclimate and tree health for various climate change scenarios; and (5) inform 
relative performance of interventions to apply to mitigate/lessen the vulnerability for the select area. 
The ICAM is a strategic decision tool; it can be used both as a communication tool and to facilitate 
subsequent detailed design of interventions. The model provides a base on which more sophisticated 
capability can be constructed over time.  
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The City of Melbourne has a wide range of natural and cultural assets which make a major 
contribution to its liveability. The City is a proactive custodian of these assets and recognises the risks 
posed by climate variability and change. In particular, urban forest sand parklands are vulnerable to 
drought while many areas within the city are vulnerable to flooding. A warning climate may lead to both 
increased drought and higher flood risk, particularly in urban catchments. The City’s attempts to plan 
adaptation strategies require models and data can be accessed in an integrated way to inform and 
spatially explicit strategic responses to climate change and variability, including: flood risk, river rise, 
sea level rise, extreme temperatures during heat waves, drought and subsequent reductions in soil 
moisture, and decline in tree health. 
The geographic information systems (GIS) is increasingly viewed as a key tool for the storage, display, 
and analysis of spatial data (Bowman 1998; Kunapo et al. 2005). In the past, much of the spatial 
information that is an inherent part of climate models has been under-utilised due to the unavailability 
of analysis tools designed to take advantage of the spatial attributes of the information. The rapid 
development of the Internet has also provided a new opportunity to redesign the architecture of GIS to 
satisfy increasing user requirements for accessing and processing real-time data. With the advent of 
the Internet, Web-GIS has been established. Web-GIS is a convenient and cost-effective tool to 
promote accessibility, efficient distribution, effective administration, and cross-platform flexibility of 
spatial models (Kunapo et al. 2005; Wu et al. 2002).  
This paper describes the development of a Web-GIS based Integrated Climate Adaptation Model 
(ICAM) for the City of Melbourne, Victoria, Australia. ICAM provides easy-to-use interface and 
functions to: (1) navigate to any area of interest to view various spatial layers that aid decision support; 
(2) view model results related to heat, drought, flooding, river-rise and sea-level rise to identify 
vulnerable areas; (3) query pervious/impervious statistics for any area (sub-catchment or catchment); 
(4) conduct intervention modelling to address management issues like potable water consumption, 
urban microclimate and tree health for various climate change scenarios; and (5) inform relative 
performance of interventions to apply to mitigate/lessen the vulnerability for the select area. 
2 METHODS – DEVELOPMENT OF ICAM 
Architecture 
The three main components of the ICAM architecture are the database, the server-side ICAM engine 
(SIE), and the Web interface (presentation-tier), as depicted in Figure 1. The Web server Microsoft’s 
Internet Information Services (IIS) and ArcGIS Server 10.2 (ESRI 2015) were used as the server the 
spatial layers. The development of the Web interface was implemented using HTML, Java Scripts, and 
ArcGIS Server Application Programming Interfaces (API). The server-side business logic was 
developed using Active Server Pages (ASP). The intervention modelling component was developed 
using Shiny Server (R Studio 2015).  
 
Figure 1. System architecture diagram for ICAM. 
ICAM Database 
ICAM data have been grouped into two types, namely, spatial data and non-spatial data. Spatial data 
involve general GIS base layers those aid map search and purpose-built GIS layers. The purpose built 
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GIS layers are further grouped into 6 categories viz., heat, drought, flood, river rise, sea-lever rise and 
subcatchment/catchment info. Below table shows the list of purpose built layers for ICAM.  
Server-Side ICAM Engine 
SIE is a multi-instance server side engine to serve ICAM user requests related to vulnerability 
modelling, intervention modelling and report generation. While vulnerability modelling uses pre-
generated spatial and attribute datasets to serve user requests, intervention modelling executes 
mathematical operations on-the-fly to present effect of intervention to the selected area(s).    
Web-Interface 
The main GIS interface of the ICAM is shown in Figure 2. The functionality of the ICAM user interface 
can be classed into 3 categories namely, map navigation functions, vulnerability modelling functions 
and intervention modelling functions.  
 
Figure 2. Main web interface of ICAM. 
 
3 APPLICATION OF THE MODEL 
The user will typically commence by identifying vulnerable areas within the city, for one or a 
combination of risk areas (i) urban heat island, (ii) drought (impacts on trees and vegetation within the 
city), (i) flooding due to rainfall, sea-level and river-rise.  The user can investigate these issues both for 
current and future climate scenarios (a range of future scenarios, based on IPCC projections, are 
incorporated into the model).  The user is then presented with an interface to allow them to trial ta 
range of adaptation strategies (e.g. stormwater harvesting, infiltration, green roofs) and ICAM will 
provide a report outlining the benefits in terms of (i) reductions in stormwater runoff and flooding 





Figure 3. Main interface (top) showing area and scenario selection, and intervention modelling input screen 
(bottom). 
4 CONCLUSION 
Although the ICAM is a strategic decision tool, it also shows how it could be used both as a 
communication tool and to facilitate subsequent detailed design of interventions. The model provides a 
base on which more sophisticated capability can be constructed over time.  The model is being 
considered by a number of cities in the C40 Cities Climate Leadership Group. 
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